Carrillo, Martin L., "A comparison study of hip range of motion and electromyography during backward walking between children with spastic diplegia and children without known disabilities" (1994). FIU Electronic Theses and Dissertations. Paper 2057. The purpose of this study was to examine the kinematics of the pelvis and the right hip and the electromyographic activity of the gluteus maximus and biceps femoris during backward walking in children with spastic diplegic cerebral palsy and children without known disabilities. Subjects included 6 children, three with a diagnosis of spastic diplegia and three without known disabilities. The results of the study showed important differences between the experimental group and the control group. Subjects with spastic diplegic cerebral palsy (SDCP) walked backwards with less hip extension, more body rotation, shorter and slower steps, and used a higher percentage of their maximum voluntary contraction than the control group. No significant v differences were found between both groups in the total amount of hip sagittal range of motion; however, these motions occurred towards flexion in the group of children with spastic diplegic cerebral palsy and towards neutral and extension in the control group. Independent backward walking seems not to be an effective way to promote active hip extension in children with spastic diplegic cerebral palsy.
externally, should be gradually decreased in order for the patient to develop his/her own motor control. This author has seen many children with spastic diplegia learn to walk backwards independently, as well as with assistance, and one of the motivations of this study was to understand the mechanisms underlying the adquisition of this skill.
Spastic Diplegia is the most common type of cerebral
palsy, representing between 32% ( Nelson & Ellenberg, 1979) and 41% (Hagberg, Hagberg & VonWendt, 1989 ) of the total group. It is characterized by motor involvement of the whole body, especially the lower trunk, pelvis and lower extremities . Asymmetrical involvement of the body is not uncommon. Strabismus and problems with visual contact and tracking are also common in individuals with this condition. The aetiology of spastic diplegia seems to be related to preterm birth and prenatal factors, being periventricular lesions due to intraventricular haemorrhage, one of the most common causes (Aicardi, 1992) .
Purpose of the Study
The purpose of the study was to examine and compare the kinematics of the pelvis and the hip joint and the electromyographic activity of the gluteus maximus and biceps femoris during backward stepping between children with spastic diplegic cerebral palsy and children without known disabilities.
Review of Literature

Gait Analysis Studies in Children with Cerebral Palsy
Sutherland ( Some of the parameters that may affect the magnitude and quality of the EMG signal are: electrode location, electrode size and shape, spacing between electrodes, fat tissue overlying the muscle, muscle temperature, and cross sectional area and length (Winter, 1987) .
In order to record electromyographic activity the surface electrodes are placed over the motor points. Besides the motor points, the skin has other highly sensitive areas to electrical stimulation. These are areas where the motor nerves are located so superficially that the application of relatively low currents will be transmitted to all muscles supplied distally to the points of stimulation (Walthard K.M. and Tchicaloff, 1971 ).
The gluteus maximus and the biceps femoris are the two most important hip extensor muscles. The gluteus maximus shows two peaks of activity during normal forward gait.
The first at the beginning of the of the loading phase, right after heel contact, and the second peak at the end of the swing phase. According to Basmajian and De Luca (1985) the gluteus maximus activity is to prevent or to control flexion at the hip joint.
Biceps femoris activity is similar to the gluteus maximus musculature with two periods of activity: one immediately after heel contact and one in the middle of the swing phase (Sutherland, 1982) .
Backward Walking
Backward walking at three levels of treadmill inclination was studied by Cipriani, Armstrong,and Gaul (L4, L5, S1, S2, S3) and has two motor points. One is located in the center of the thigh, about three fingers breadth below the gluteal fold, which was used for the examination. The other motor point is located immediately above the knee joint (Walthard and Tchicaloff, 1971 ).
Procedure
The following procedure was applied with each subject:
1. The subject and his/her parents/guardians received a clear explanation of the experiment.
The subject was asked or assisted to remove
shoes, socks and orthoses. He/she was wearing a bathing suit. Table 3) .
With the parents or guardians present
For the electromyographic study, the data from each subject was reviewed and the highest peak was considered the maximum voluntary contraction (Table 1) .
Highest EMG'activity of the gluteus maximus and biceps femoris during backward walking was measured ( Table 1) .
The peak EMG activity during backward walking, divided
by the MVC (percentage of MVC), was compared between the subjects of both groups.
Results
Data including pelvic and hip sagittal kinematics and surface electromyography of gluteus maximus and biceps femoris was compared between a a group of three children with spastic diplegia (experimental group) and a group of three children without known disabilities (control group).
Electromyographic data from one subject of the experimental group was considered "noise or artifact"
and was excluded from the study. Maximum Voluntary Contraction (MVC) was not obtained in another subject of the experimental group due to lack of cooperation.
Data obtained and derived from each subject included:
1.EMG during Maximum Voluntary Contraction
(MVC)( Table 1) 2.Peak EMG activity during backward walking (Table 1) 3.Peak EMG activity/Percentage of MVC (Table 1) 4.Pelvic sagittal range of motion (Table 2) 5.Maximum Posterior Tilt (Table 2) 6.Maximun Anterior Tilt (Table 2) 7.Hip Sagittal range of motion (Table 3) No significant differences were found between both groups in the amount of hip sagittal range of motion (Table 3) , but these motions occurred towards the flexion in the group of children with spastic diplegic cerebral palsy and towards neutral and extension in the control group (Figure 1) .
8.Maximun Hip Extension (Table 3)
The pelvic range of motion data (Table 2) This study also found that SDCP subjects needed a higher percentage of their maximum voluntary contraction (MVC) to walk backward, suggesting that they used "almost all" the motor units available in their system. It may be argued than MVC is not an appropriate measurement in subjects with voluntary or involuntary motor control disorders.
Although this study was not directed to measure gait speed, the data suggested that children with SDCP walked backward more slowly, took shorter steps and tended to spend more time in double stance. flexion as "compensatory mechanisms" to make up for the insufficient hip extension.
Further studies may be necessary for clinicians to determine ways to assist or facilitate hip and knee extension during backward walking, as well as to increase the step length and gait speed. Transfer of learning studies may determine if these assistive techniques do result in active motor learning for these subjects.
